Introduction
The increasing tendency of microbial infections, rapid emergence of drug-resistance to recent antibiotics and quick evolution through mutation necessitate development or modication of antimicrobial compounds and alternative treatments.
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Advanced research in nanotechnology recently comes with the development of nano-scale objects with prominent antimicrobial actions against multidrug resistant pathogens suggesting a platform to ght against bacterial mutation arch. 5, 6 Among the most advanced nanotechnological applications, metal nanoparticles provide the most effective results with their unique mode of actions.
7
Based upon the evidence of microcidal lethal effects of essential metals (indispensible for the biochemistry of life in all organism fullling cellular functions) in excess dose and nonessential metals even at very minute doses, the use of metals as antimicrobial agents has proved to have strong scientic evidences since antiquity. [8] [9] [10] In some cases metal ion being tightly bound to antibiotic structure (e.g. bacitracin, bleomycin, streptonigrin, and albomycin) regulates the biocidal action, 11 they have been attached to the antibiotic molecule (e.g. tetracyclines, aureolic acids, and quinolones) without causing a major change in antibiotic structure but enhancing the activity. 12 Based on the microcidal nature, the synthesis of metal nanoparticles elicited high interest among the researchers and nanotechnologists. Efforts are made to prepare green synthesized nanoscale objects with different metals like copper, 13, 14 zinc, 15 titanium, 16 magnesium, 17 gold 18 and silver. 19 Other green synthesized metals like gold with their low-dimensional structure 20 nds several other application in varying elds of engineering and technology; whereas, synthesis of silver nanoparticle by green method nds its possible application in biomedical eld specially in antimicrobial development (AgNPs).
21
Nanoscale silver particles with high surface-area-to-volume ratio (size below 100 nm) are of prime interest due to high antimicrobial actions against both Gram-positive and Gramnegative bacteria, 19, 22 viruses and other eukaryotic microorganisms 23 as compared to other metals in their nano form. It also offers potential effects against multidrug susceptible as well as multidrug resistant strains like Pseudomonas aeruginosa, ampicillin-resistant Escherichia coli, erythromycin-resistant Streptococcus pyogenes, methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Staphylococcus aureus (VRSA). 7 Due to their biocidal actions, several physical and chemical routes have been applied to synthesize AgNPs, and AgNPs have been tried to be applied in modifying surfaces, coating, bre graing, gel preparations etc. [24] [25] [26] [27] But the drawbacks including use of toxic precursor chemicals (such as sodium borohydride, potassium bitartrate, methoxypolyethylene glycol, and hydrazine), use of toxic solvents (such as sodium dodecyl benzyl sulphate and polyvinyl pyrrolidone), and generation of toxic by-products arise via traditional roots (physical and chemical methods) of silver nanoparticle synthesis. With the advancement of science, the synthesis of metal nanoparticles nds alternative eco-friendly routes. Here, a variety of biological agents (plant extracts, bacterial and fungal derived compounds) are used to convert metal salts to nanoparticles. These agents act as in vitro reducing and capping agents. These strategies are used for the synthesis of different metal nanoparticles like silver, copper, iron, etc.
28,29
Metal nanoparticle structure and surface modification: clue to enhance the antimicrobial activity Nanotechnology offers production, manipulation and the use of materials below 100 nm range. Due to large surface area to volume ratio, nanoparticles offer novel properties leading to widespread use in different eld of applications. But this high surface area oen brings various drawbacks associated with the surface phenomena. 30 When reducing the overall surface energy, individual nanoparticles interact with each other via chemical bonds and physical attraction forces at interfaces, resulting in agglomeration. This agglomeration strictly depends on the individual nanostructure size, less the dimension of nanostructures strong the van der Waals attraction forces between nano-structured materials. So to obtain the stable nanoparticle dispersions, this huge surface energy arises from the individual nanostructure should be taken care of. Here comes the concept of stabilizing agents. If a stabilizing agent acts as an antimicrobial agent, coining antimicrobial effect can be achieved effectively.
To get the effective engineered nanoparticles, better understanding of nanoparticle structure is necessary. In general sense, nanoparticle structures consist of three layers: (i) core, (ii) shell, and (iii) surface. 31 The core of the nanoparticle can be synthesized using various methods, reaction conditions and precursors whereas shell is added if necessary. But during the preparation of one dimensional nanoparticle from single salt, the shell is generally composed of the same material with the core. And last, but not at least, most important is surface, which can be functionalized depending upon the need. The need is either to prevent the agglomeration or to give specic function to nanoparticles. The surface functionalization of nanoparticles is due to transient van der Waals interactions of used compounds with the nanoparticle surface.
Green synthesis: biomoleculenanoparticle organization
Reduction of metal complexes in dilute solutions is the general method in the synthesis of metal colloidal dispersions. Generally accepted reducing agents such as hydrazine hydrate and sodium borohydride are not preferred due to their tendency in in situ reducing and capping, resulting in additional effects of undesired toxicity impregnated with nanoparticles. Thus the use of green materials like plant extracts, microbial extracts, and algal extracts as reducing agents possesses great advantages ( Fig. 1) . In general, biological extracts are mixed with the metal salt solutions. 32 Effect of nature and concentration of the plant extract and salt, temperature, pH, time, radiation, and hypothermia are also studied. 33 Besides the most oen used metal is silver, gold, copper, and iron are also used. 30 Bio compounds (including alkaloids, phenolic compounds, terpenoids, enzymes, co-enzymes, proteins, and sugars etc.) reduce metal salts from positive oxidation state to zero oxidation state. Size and size distribution of metallic nanoparticles strongly depend on the bio compounds present in the extract. The presence of a strong reductant in the extract promotes a fast reaction rate and favours the formation of smaller nanoparticles. If the biomolecules rapidly reduce the salt leading to continuous formation of new nuclei or secondary nuclei, a narrow size distribution can be observed. However, a slow reaction may also occur if the secondary nucleation is suppressed over primary one. Bio molecules serve a secondary option to form a monolayer on the surface of nanoparticles to prevent the agglomeration. But recent studies on antibiotic mediated synthesis of nanoparticles conrm the surface functionalization of nanoparticles with antibiotics enhancing biocidal activity. 34, 35 Thus, enhanced antimicrobial activity of extract mediated nanoparticles are due to the biomolecules attached on the surface of nanoparticles.
Role of biological molecules in green nanoparticle synthesis and improving antimicrobial action
Bio molecules produced by living organisms (large macromolecules such as proteins, polysaccharides, lipids, and nucleic acids, as well as small molecules such as primary and secondary metabolites, and natural products) pose specic functions for the growth, development and sustaining in the environment. Biological molecules extracted from living systems show potential role and have become preferred choice in the synthesis of AgNPs, which are summarized in Table 1 .
Most frequently used bio molecules originate from plant extracts. 32, 106, 107 Apart from the plant extract, bio molecules from microbial (bacteria, fungi, yeasts and actinomycetes), algal and cyanobacterial origin have also been successfully utilized for the synthesis of nanoparticles. 33, 34, 108, 109 These biological molecules extracted from different sources are externally added to metal salts to form nanoparticles. To synthesize AgNPs, biological extract in situ reduces silver salts (Ag + ) to metallic silver, Ag 0 . In the process of nanoparticle synthesis in a green way, biological molecules not only reduce the metal salts but also cover the formed nanoparticles or acts as in situ reducing and capping agent. This capping is advantageous over as it acts as multifunctional way; (i) prevents the agglomeration of the nanoparticles, (ii) reduces the toxicity, 35, 110 and (iii) improves antimicrobial action. [3] [4] [5] 106 If these coating agents themselves show antimicrobial action, a synergistic effect of metal nanoparticles and the capped bio molecules may be found. Here AgNPs offer action due to its size and bio molecule attached over nanoparticle surface for its own antimicrobial action. This is the possible explanation of low antimicrobial action of biologically synthesized nanoparticles in many cases. So, for synthesizing silver nanoparticles in a greenway, research is focusing to synthesize AgNPs using bio molecules which have antimicrobial action of their own.
Synthesis of silver nanoparticles by microbes
Microbes are being used as a promising biological source for synthesizing metal nanoparticles. But all the organisms do not show ability to convert metals to its nano forms. Microbial synthesis of silver nanoparticles can be achieved either by intracellular scheme or extracellular scheme. 111 In intracellular scheme, an accumulation of silver inside the cell nucleates the silver nanoparticle synthesis and proceeds with the microbial growth. Nanoparticles with live cells are harvested aer optimum time of bacterial growth. The harvested cells, thus, require special treatment to release the synthesized nanoparticles. In extracellular synthesis process, extracellular Table 1 Antimicrobial activity of green synthesized silver nanoparticles using various biological materials including plants, algae, bacteria, fungi and yeasts
Biological entity
Size and morphology for E. coli.
The antifungal activity was evaluated by sterilizing various grain seeds with bio-synthesized AgNPs prior to cultivation.
Fungi formation was signicantly decreased on AgNPs-treated seeds showed direct evidence of it by using puried nitrate reductase from the organism Fusarium oxysporum for synthesizing silver nanoparticles. Besides, functional groups on bacterial cell wall also cause the reduction of Ag + to Ag 0 without the presence of nitrate reductase. 112 Apart from bacteria, fungi can also be used for the synthesis of nanoparticles and have advantageous over productivity due to the huge presence of enzymes, proteins, and reducing components on its cell surface. 113, 116 Fungi can trap Ag + onto their cell surfaces causing subsequent reduction using enzymes (like naphthoquinones and anthraquinones) of fungal systems. 114, 115, 117, 118 The use of yeast in synthesizing silver nanoparticles did not get success. Although a very few reports are also available. Formation of silver nanoparticles is thought to be due to the combinational effect of bio molecules found in extract. This is also true for the case of algae. Presence of enzymes serves actinomycetes to synthesize silver nanoparticles. Reduction of metal ions is thought to be occurred via intracellular interactions.
117,119-122

Synthesis of silver nanoparticles by plants
Slow rate of nanoparticle synthesis using microbes makes plant extracts as preferred choice due to its simplicity, efficiency and viability. The ability of plants to accumulate and detoxify heavymetals is well proved. 118, 123 Generally it is used as bio reductant in the process of synthesizing silver nanoparticles. A plant extract contains a number of metabolites and reductive biomolecules responsible for the reduction of metal ions. This includes terpenoids, avones, ketones, aldehydes, amides, carboxylic acids, carbohydrates, proteins, and vitamins.
124
Among many possible natural products, polysaccharides represent an excellent scaffold for this purpose. 125 The use of polysaccharides like starch and chitosan for the synthesis of AgNPs has been reported in recent years. Hydroxypropyl starch is used for in situ reduction and capping for the synthesis of stable silver nanoparticles of 6 to 8 nm diameter. No aggregation was observed for more than 6 months due to its effective capping.
126,127
Diaminopyridinyl (DAP)-derivatized heparin, a linear acidic mammalian polysaccharide has been used in the preparation of AgNPs. 128 The use of hyaluronic acid, a high molecular weight polysaccharide for the synthesis of AgNPs and gold nanoparticles (AuNPs) was also reported. 129 Synthesis of AuNPs using (1/3)-, (1/6)-a, b-D 
Factors affecting the antimicrobial activity of silver nanoparticles
In the recent years, silver nanoparticles have gained much attention due to their unique antimicrobial properties. They are considered as a novel and potential alternative to standard antibiotic drugs since they have a great potential against the increasing multidrug resistance in pathogenic bacteria and fungi. Development and synthesis of these nanomaterials for use as an alternate antibiotic therapy straightly depend on some physical and chemical properties such as their size, shape, concentration and zeta potential. 132, 133 Therefore, the properties of nanoparticles should be considered and given more attention when designing antimicrobial AgNPs.
One of the most important physico-chemical properties that affects the antimicrobial activity is the size. Typically, smaller nanoparticles have relatively increased stability and enhanced antimicrobial activity. This is due to the larger surface area of smaller nanoparticles, which provides a higher interaction area and ascendant intracellular penetration. 22, 134 In a broad sense, the size of nanoparticles should be lower than 50 nm in order to have an effective antimicrobial activity. In particular, nanoparticles in the range of 10-15 nm sizes have superior antimicrobial activity. 135 Panáček et al. synthesized a wide range of AgNPs with narrow size distributions via reduction of Ag(NH 3 ) 2+ complex cation by four saccharides, namely glucose, galactose, maltose, and lactose. 136 The colloidal AgNPs synthesized by using maltose and lactose had higher antibacterial and bactericidal activity against tested Gram-positive and Gram-negative bacteria than those synthesized by using glucose and galactose. This might be directly related to nanoparticle sizes, since the AgNP sizes were smaller for disaccharides (maltose and lactose) than monosaccharides (glucose and galactose). AgNPs synthesized by using maltose had the smallest size distribution and the highest antimicrobial activity. In contrast, the largest AgNPs, 50 nm, synthesized by using galactose exhibited the lowest antimicrobial activity. In another study, Li et al. showed that the antibacterial activity of AgNPs decreased with increase of the nanoparticle size. 137 The highest antibacterial effect was observed in the case of smallest nanoparticles, 5 nm, in which attachment of the nanoparticles onto the cell membrane led to membrane damage, increased membrane permeability and nally cell death. To this end, Ivask et al. tested toxic effect AgNPs with different sizes on various types of organisms and cells. 138 It was concluded that AgNPs in the range of 20-80 nm were toxic due to release of Ag + ions. On the other hand, 10 nm and smaller nanoparticles were more toxic due to more efficient cell-particle interaction leading to higher intracellular bioavailability of AgNPs. Shape is also a crucial physico-chemical property regarding the antimicrobial activity. AgNPs with different shapes have been shown to exhibit different antimicrobial activity due to displaying various degrees of interaction with the cell membrane and hence causing the membrane damage. In this context, the antimicrobial activity of AgNPs with different shapes has been compared. El-Zahry et al. compared the antibacterial activity of spherical, triangular and hexagonal shaped AgNPs against Gram negative bacterium E. coli by using conventional disk assay and surface enhanced Raman spectroscopy (SERS). 139 Both methods demonstrated that hexagonal AgNPs exhibited the highest antibacterial activity whereas triangular AgNPs displayed no activity. Recent research revealed that the antimicrobial activity is highest in the case of truncated triangular AgNPs or similar geometries such as hexagonal and octahedral shapes. [140] [141] [142] [143] [144] Conversely, some researchers reported that the shape of AgNPs does not have any effect on the antimicrobial activity. Actis et al. tested spherical, triangular and cubic AgNPs against methicillin-susceptible and -resistant S. aureus. Surprisingly, the nanoparticle shape had no signicant effect on the antibacterial activity.
145 The bacterial viability was completely reduced at the highest nanoparticle concentration, whereas the difference between different shaped AgNPs at lower concentrations was not remarkable. Despite many studies proposed the shape dependent antimicrobial susceptibility of AgNPs, none of them provided a mechanistic basis, therefore exact mechanism of the shape dependent antimicrobial activity is still unknown.
Another important factor is the nanoparticle concentration. 146, 147 This property is directly correlated to microbial species.
56,79 Kim et al. reported that the antibacterial activity of AgNPs was more effective against E. coli than against S. aureus. 148 The growth of E. coli was inhibited at lower nanoparticle concentrations, while the inhibitory effect of same concentration on S. aureus was inadequate. Pazos-Ortiz et al. reported the dose-dependent antimicrobial activity of a composite of AgNPs embedded in poly-epsilon-caprolactone nanobers and tested against both Gram-positive and Gramnegative bacteria. 149 It was found that beginning from the 12.5 mM nanoparticle concentration, AgNPs gradually displayed a signicant antibacterial effect on the different bacterial strains. Similarly, Gurunathan et al. demonstrated the dosedependent bactericidal activity of AgNPs at concentrations ranging from 0.1 to 1.0 mg ml À1 against two Gram-negative and two Gram-positive bacterial strains. 22 Consistently, the cell viability was reduced as the AgNP concentrations increased, and no growth was observed at MIC values for each strain. In the case of Gram-negative bacteria, 0.5-0.6 mg ml À1 caused nearly 95% reduction in the bacterial population. However, same concentrations of AgNPs led to only 50% reduction in the Grampositive bacterial population (Fig. 3) . Therefore, the bactericidal concentration is specic for each bacterial strain. Zeta potential is another physico-chemical property that has an effect on antimicrobial activity since the interaction between nanoparticles and the cell membrane is based on electrostatic adhesion. [150] [151] [152] In their study, El Badawy et al. synthesized AgNPs having various zeta potentials and investigated the antibacterial activity against Bacillus species.
153 They found a direct correlation between the nanoparticle surface charge and antibacterial activity. Gram-positive Bacillus strains were more susceptible to positive AgNPs, and the more negative AgNPs were the least toxic. Bacterial resistance to the negative AgNPs was estimated to be caused by the repulsion between negatively charged functional groups of biomolecules located on the cell surface and negatively charged nanoparticle surface. Similarly, Ashraf et al. synthesized positively charged and polyhexamethylene biguanide (PHMB) functionalized AgNPs.
154
The cationic AgNPs exhibited superior bacteriostatic and bactericidal against E. coli. The bactericidal activity of PHMB was around 10 mg ml À1 ; but when used in combination with AgNPs, bacteriostatic and bactericidal activities were lowered down to 0.075 and 0.150 mg ml À1 , respectively. In this regard, environmental conditions have a signicant inuence on the nanoparticle activity and stability. 155 At low pH, the nanoparticle surfaces are positively charged, which favours the interaction between the nanoparticle surface and the negatively charged groups of the bacterial cell surface. 156 Peretyazhko et al. showed the oxidative dissolution of AgNPs through the interaction of Ag + with dissolved oxygen and protons, and solubility of AgNPs was affected by the environment which was higher in acetic acid than in the neutral water. 157 Such an alteration in aquatic chemistry might promote release of Ag + from the nanoparticles and hence lead to increased antimicrobial activity. 40 Additionally, Maillard et al. conducted biophysical analysis including surface pressure, zeta-potential and DLS measurements to study interaction of AgNPs with lipid membranes.
158 Surprisingly, negatively charged green synthesized AgNPs could have interacted with the membrane via electrostatic attraction with the polar heads of the lipids, and displayed higher antibacterial activity as compared to AgNPs synthesized using citrate. This was presumed to be due to aromatic and hydrophobic moieties of capping agents used during green synthesis procedure, indicating the advantages of green chemistry on the antimicrobial activity of silver nanoparticles.
The reducing and capping materials of the green synthesized AgNPs are derived from the biological extracts containing various naturally occurring compounds and biomolecules such as alkaloids, terpenoids, phenolics, vitamins, co-enzymes, carbohydrates, enzymes and proteins. Therefore, these molecules increase the probability of attachment and action of AgNPs on the microbial cells.
Mechanism of antimicrobial action
Although antimicrobial activity of AgNPs alone or in combination with standard antibiotic drugs has been proved against a wide range of microorganisms including Gram-negative and Gram-positive bacteria, and fungi, still a little is known about the precise mechanism of their mode of antimicrobial action. Nevertheless, there have been extensive research in order to elucidate their mode of action, and three well-dened mechanisms have been proposed so far: (i) cell wall and membrane damage, (ii) intracellular penetration and damage, and (iii) oxidative stress [159] [160] [161] (Fig. 4) .
Cell wall and membrane damage
Components of the cell wall and membrane exert different adhesion pathways for the nanoparticles. One of the functions of the cell wall and membrane is to protect the microorganism against the environmental threats and to maintain homeostasis while still permitting the transport of nutrients inside the cell. Bacterial classication is based on the differences of cell wall structures; Gram-negative cell wall, also known as cell envelope, contains at least two layers of lipopolysaccharides whereas Gram-positive cell wall is typically thicker and primarily composed of a single type of molecule, peptidoglycans.
162,163
Most of AgNPs exhibit higher antibacterial activity against Gram-negative bacteria than Gram-positive bacteria, since the peptidoglycan layer, made of glycan strands cross-linked by short peptides and anionic glycopolymers called teichoic acid, in the Gram positive bacterial cell wall provides a natural barrier which prevents penetration of the nanoparticles. On the other hand, Gram-negative bacteria have thinner cell wall and less peptidoglycan. Despite the key component of the Gram-negative bacterial cell wall, lipopolysaccharides (LPS), has a signicant contribution to durability and integrity of the membrane, its negative charge facilitates adhesion of nanoparticles. 7, 62, 73, 143, [164] [165] [166] The interaction between AgNPs and microorganisms starts with adhesion of AgNPs to the microbial cell wall and membrane, which is based on electrostatic attraction between the negatively charged microbial cell membrane and positively or less negatively charged AgNPs.
167
The interaction of AgNPs with bacterial cells is also shown by a signicant decrease in zeta potential of cell surface in both Gram-positive and Gram-negative bacteria. 142, 168 Upon such an attraction and interaction, morphological changes in the membrane structure are triggered by the nanoparticle, and thereby leading to disruption of membrane permeability and respiratory functions via membrane depolarization, and nally disruption of the cell integrity and cell death. [169] [170] [171] [172] As a result of the increased membrane permeability and disruption of the cell wall, the cellular content including proteins, enzymes, DNA, ions, metabolites and energy reservoir also leaks into the environment. 48, 137, 142, 169, 173 Therefore, disintegration of the cell wall by the nanoparticle adhesion is assumed to be primary mechanism of the antimicrobial action.
174,175
In addition, AgNPs have been shown to cause irregular pit formations on the cell wall, which allowing the nanoparticles enter the periplasmic space and nally inside the cell 176 (Fig. 5) . Aer a brief contact of AgNPs with bacterial cells, peripheral damages and dense pits on the cell surface can be visualized by advanced imaging techniques such as transmission electron microscopy (TEM), scanning electron microscopy (SEM) and atomic force microscopy (AFM).
101,164,175 Gopinath et al. investigated the structural changes in bacterial cell morphology caused by AgNPs by eld emission scanning electron microscopy (FE-SEM). 164 The untreated bacterial cells showed smooth and undamaged structures (Fig. 6A-D) , whereas the cells subjected to 60 min of AgNP treatment were drastically damaged, lost their membrane integrity and the original morphological structures (Fig. 6E-H) . They also examined the leakage of intracellular content from the AgNP treated bacterial cells using FITC, a uorescent dye used as a marker for labelling proteins. Supernatants obtained from AgNP treated bacterial cell cultures and stained with FITC displayed uorescent signal, indicating the protein leakage from the cell. Similarly, Ansari and Alzohairy evaluated morphological and ultra-structural changes of MRSA cell by SEM and TEM. 174 They found that untreated MRSA cells were round-shaped and had smooth and intact cell walls. However, the cells were wrinkled and damaged upon AgNP treatment, indicating the disruption and disorganization of cell membrane and wall. TEM imaging further revealed that large translucent zones formed in the cytoplasm caused by local or complete disassociation of the cell membrane and the cell wall. As a result of the leakage of intracellular content, the cell membrane shrink occurred and led to death. Ahmad et al. also showed the physico-chemical and morphological changes in AgNP-treated cells by zeta potential and SEM analyses.
142
Further, they investigated whether the intracellular content of cells would leak into the environment due to the AgNP-induced cell wall and membrane damage. For this, aer 4 h of treatment, the cells were harvested by centrifugation, and leakage of nucleic acids and proteins into the medium was determined by measuring absorbance of the supernatant at 260 and 280 nm.
With the increasing concentrations of AgNPs, absorbance at 260 and 280 nm also increased whereas absorbance of the control cells was zero. Furthermore, it was proposed that AgNPs could interact with protein parts of the outer membrane, constitute complexes with oxygen, phosphorous, nitrogen or sulphur atom containing electron donors, and cause irreversibly changes in the cell wall structure. 177 The interaction of protein thiol groups with silver ions and AgNPs is well-dened, and thiol groups in the enzymes of bacterial respiratory chain have been shown to be possible sites for Ag + binding. 118, [178] [179] [180] In the proteomic study of Lok et al., it was shown that the interaction of AgNPs with sulphur containing membrane-bound proteins and enzymes led to inactivation of these molecules. 181 Additionally, bacteria started to express a series of envelope proteins, heat shock proteins and periplasmic components responsible for protecting the cell against the entry of foreign substances as a stress response. Gomaa investigated the effect of AgNPs on the enzymatic activity of respiratory chain dehydrogenases of E. coli and S. aureus cells using a colorimetric method. 169 Iodonitrotetrazolium chloride (INT) is a colourless compound and reduced by the bacterial respiratory chain dehydrogenases to a dark red water-insoluble iodonitrotetrazolium formazan (INF) under normal conditions. Decrease of the enzymatic activity of respiratory chain dehydrogenases in AgNP-treated cells was determined by increase of the absorbance of INF at 490 nm, whereas untreated cells increased the activity with time. These results demonstrate that AgNPs drastically damage the cell membrane and peptidoglycan, enter the cell, and inhibit the respiratory chain dehydrogenases leading to cell death. McQuillan and Shaw suggested another possible antimicrobial mechanism in which Ag + released from AgNPs may enter the cell by cation selective membrane transport proteins called porins, and cause damage inside the cell.
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Intracellular penetration and damage
Depending on the degree of membrane damage, AgNPs can penetrate inside the cell and affect crucial and vital functions of the cell by interacting with DNA and proteins. 183 One of the proposed mechanism for antimicrobial activity of AgNPs is based on silver ion release from the nanoparticles, which has an adverse effect on both DNA and proteins.
184, 185 Feng et al. showed that silver ions led to transformation of the bacterial DNA from the natural relaxed state to a condensed state in which the DNA molecule loses its replication ability. 165 Furthermore, Energy Dispersive X-ray Analysis demonstrated the sulphur existence which indicates that silver ions interacted with thiol groups of proteins and led to inactivation of enzymatic activity. Besides the conformational change of DNA, AgNPs and silver ions can also cause degradation and or denaturation of DNA. Vishnupriya et al. studied the interaction of AgNPs with E. coli, and penetration inside the cell and intracellular damage using Raman spectroscopy along with the scattering-based hyperspectral imaging (HSI) at single-cell level.
186 Time-dependent HSI demonstrated accumulation of AgNPs on the bacterial cell due to high affinity of silver for sulphur and amine groups of proteins located on the outer membrane, and then uptake of AgNPs by the cell. Aer penetration of AgNPs, DNA degradation was demonstrated by the increase in Raman peak intensities of adenine, guanine and cytosine bases. Researchers also suggested that relatively less increase in the thymine base is due to lack of exocyclic nitrogen in this base, whereas the interaction of AgNPs with adenine, guanine and cytosine is based on the exocyclic nitrogen present in these bases. It has been also shown that silver ions are physically attracted to DNA and interact with nucleoside part of the nucleotide. As a result, the base pairing between the complementary strands is disrupted by breaking the hydrogen bonds. 184, 187, 188 Similarly, Chowdhury et al. studied effects of AgNPs on DNA by treating a plasmid DNA with various concentrations of AgNPs.
189 They showed the dose-dependent AgNP-induced DNA strand breaks. With the increase in AgNP concentration, degradation of the supercoiled plasmid DNA to relaxed circle, linear form and nally to smaller linear fragments was observed by the agarose gel electrophoresis. Small fragments formed as a result of AgNP-induced DNA break were seen as extra lower bands in the gel (Fig. 7) .
Radzig et al. compared the AgNP and silver ion susceptibility in E. coli wild-type and mutant strains. 190 They found that E. coli strains carrying mutations in the genes responsible for repair of oxidative damage in the DNA (mutM, mutS, mutT and mutY) and in the genes coding for repair enzymes (nth and xthA) were more susceptible to AgNPs. Similarly, Dutta et al. conducted gene expression analyses upon AgNP treatment, and reported that genes coding for copper and magnesium transporters, proteins involved in sulfur transport, metal ion inux, antibiotic resistance and antioxidants were up-regulated. 191 All these ndings suggest that DNA damage caused by AgNP treatment might be also mediated by oxidative damage induced by AgNPs and intracellular antioxidant balance have an important role in the antibacterial effect of AgNPs and silver ions.
The intracellular effect of AgNPs is not limited to DNA damage. Recent proteomic studies have demonstrated effects of AgNPs on proteins and protein synthesis as well. 181 As previously mentioned, AgNPs and Ag + ions released from AgNPs have a tendency to react with thiol groups of proteins. Thiol or thiolate groups are found in the amino acid cysteine as the functional group. Cysteine is one of the least abundant amino acids, but commonly acts as a highly conserved residue within functional sites in proteins. Therefore, it is very important in biological reactions due to its high affinity metal binding property, nucleophilic role in catalytic reactions, and ability to form disulde bonds which is vital for folding and three-dimensional structure of proteins. 192, 193 Yan et al. found that the expression of many membrane proteins was signicantly up-regulated or down-regulated in P. aeruginosa as a result of AgNP treatment.
194
These proteins are essentially responsible for ion binding, transport, agellum assembly, pore formation, antibiotic resistance, and membrane stabilization. The most notably upregulated proteins were found to function in ATP synthesis, phospholipid synthesis, and transmembrane transport. In addition, a series of metal transporters including copper, iron, zinc and magnesium transporters were repressed, which might assist transport of AgNPs into the cell. Wigginton et al. also conducted a proteomic study to identify interaction between E. coli proteins and AgNPs.
195 Surprisingly, they found that 65% of E. coli proteins interacted with AgNPs were enzymes such as tryptophanase (TNase) and alcohol dehydrogenase while the rest was non-enzymatic proteins such as membrane porins, chaperonins, periplasmic peptide-binding proteins. Among the enzymatic proteins, TNase exhibited relatively higher affinity for AgNPs. Thereby, interaction of AgNPs with puried TNase was also investigated. TNase was found to be fragmented and lost its catalytic activity upon interaction, which might be due to the fact that the active site of TNase is in the vicinity of binding site of AgNPs. Similarly, Yuan et al. found that AgNPs repressed production of some proteins in nitrifying bacterium Nitrosomonas europaea.
196 Among these proteins, GroEL, DnaK and ClpB which are chaperon proteins responsible for protein biosynthesis under stress conditions, and elongation factors Tu and G which are involved in binding of tRNAs and mRNAs to ribosome for translation, were the most notable proteins. Based on the fact that AgNPs can also repress the production of ammonia monooxygenase and hydroxylamine oxidoreductase which catalyse two critical reactions of nitrication, it can be concluded that AgNPs displayed the antibacterial effect on N. europaea by inhibiting protein biosynthesis and nitrication.
197
The proteomic studies of bacteria-AgNP interaction also revealed that ribosomal subunits were also affected by the nanoparticles, leading to termination of the protein biosynthesis.
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Oxidative stress
Reactive oxygen species (ROS) are oxygen containing molecules having a strong redox potential. Under normal conditions, ROS production and the antioxidant capacity in the cell are balanced. However, in the case of imbalance between the antioxidant mechanism and excessive production of ROS, the redox balance of the cell favours oxidation, leading to oxidative stress. 199 Nevertheless, oxidative stress is a normal cellular process involved in many aspects of cellular signalling, though excessive oxidative stress can be harmful. The literature revealed that nanoparticle challenge triggers the cellular oxidative stress. 48, 200, 201 In order to overcome this stress, cells exhibit protective responses which include enzymatic or nonenzymatic defence mechanisms. [201] [202] [203] When the oxidative stress overcomes the defence mechanisms, the cell wall and biomolecules such as proteins, lipids, and DNA are subjected to damage caused by ROS and free radicals such as hypochlorous acid (HOCl), hydrogen peroxide (H 2 O 2 ), hydroxyl radical ($OH), superoxide anion (O 2 À ) and singlet oxygen ( 1 O 2 ). DNA damages include deletions, mutations, single-breaks, double-strand breaks, adduct formation, and cross-linking with proteins. Studies conrmed oxidation-induced DNA fragmentation following exposure to metal oxide nanoparticles. 130, 161, 204 In response to DNA insult, cells attempt to repair the damaged DNA. Repair failure may lead to cell death. It is most likely that in the bacterial cell where the antibiotics which were effluxed out from the cell wall of the bacteria could rst approach to the bacterial cell membrane with the aid of nanoparticles because of nanoparticle-induced lipid peroxidation, thereby both the nanoparticles and antibiotics could damage the intracellular DNA and proteins. 193, 205 In this respect, Das et al. evaluated the ROS-mediated antibacterial activity of AgNPs against multidrug resistant E. coli and S. aureus, and found that ROS generation signicantly contributed to the antibacterial action.
206 Elevated ROS levels caused the membrane damage by increasing the permeability, which nally resulted in disruption of electron transport chain and leakage of the cellular content. Gurunathan et al. also tested AgNPs in combination with standard antibiotic drugs against bacteria. 22 The synergistic effect was not only observed in the antibacterial effect, but also led to enhanced ROS generation capacity. Even though, sub-lethal concentrations of both antibiotic drugs and AgNPs produced low amount of ROS, use of AgNPs combined with antibiotic drugs such as ampicillin and vancomycin resulted in signicantly higher production of ROS (Fig. 8) . The increased antibacterial activity in the presence of enhanced ROS production demonstrated that AgNP-induced ROS production is vital for antimicrobial activity.
Similarly, Das et al. tested AgNPs against multidrug resistant P. aeruginosa cells, and also investigated whether the antimicrobial activity of AgNPs was mediated by ROS formation. For this purpose, they used a uorescence assay which is based on transformation of non-uorescent 2 0 ,7 0 -dichlorouorescein diacetate (H 2 -DCFDA) to highly uorescent 2 0 ,7 0 -dichlorouorescein (DCF) upon oxidation. AgNP-treated P. aeruginosa cells became DCF positive, indicating the intracellular ROS formation. Further, they used a potent ROS inhibitor (NAC) to investigate role of ROS formation in the cell death. It was observed that P. aeruginosa cells pre-treated with NAC were resistant to AgNP-induced toxicity and restored the cell viability more than 80%. Ramalingam et al. also used H 2 -DCFDA assay to investigate AgNP-induced ROS generation in E. coli and P. aeruginosa. 168 Although ROS were also generated in the control cells, AgNP-treatment resulted in more intracellular ROS generation (Fig. 9A) . The dose-dependent ROS generation was observed in both bacterial strains (Fig. 9B) . ROS generation levels were approximately 70-80% at 2.7-4.5 mg ml À1 AgNP concentration interval as compared to the positive control, 1 mM H 2 O 2 treated cells. This result is indicating that even AgNP-induced ROS production plays an important role, it is not effective alone, and some others factors such as cell membrane and wall damage are also involved in cell death. Moreover, they veried the ROS generation by measuring glutathione (GSH) concentration. GSH is a thiol-containing tripeptide and mainly present in a reduced form to protect cells from the deleterious effects of oxidative stress acting as an antioxidant. However, GSH is oxidized to disulde (GSSG) in the case of oxidative stress, and this oxidation reaction might cause the cell death. Therefore, intracellular GSH concentration was measured to show the AgNP-triggered oxidative stress. As shown in Fig. 9C , GSH concentration signicantly reduced in both E. coli and P. aeruginosa aer treatment with 4.5 and 2.7 mg ml À1 of AgNPs, respectively. Thereby, GSH depleted cells are subjected to oxidative stress due to imbalance between ROS generation and antioxidant defence systems, leading to the cell death. The cell death was veried by epiuorescence microscopy, as well. For this, cells were stained with SYTO 9 and propidium iodide (PI).
Red uorescent membrane impermeant PI stains only dead cells by penetrating through the disrupted cell membrane, while green uorescent membrane permeant SYTO 9 s quenched by PI and stains both dead and live cells. Therefore, in a bacterial population, live cells are stained with green uorescent colour as the dead cells exhibit red uorescence. Untreated E. coli and P. aeruginosa samples display only green uorescent indicating the viable cells. On the other hand, AgNPtreated cells stained red color demonstrating that the cell membrane and damage led to cell death (Fig. 9D) . These results suggest that the oxidative stress induced by elevated ROS production plays an important in the antimicrobial potential of AgNPs. It is also possible that ROS generation mediated by Ag + ions released from AgNPs can cause dysfunction of the bacterial electron transport chain and proton motive force as a result of inhibition of enzymes involved in the reactions. 45, 207 In addition to breakdown of membrane functions, Kim et al. found that AgNP-mediated ROS generation caused protein leakage by increasing the membrane permeability.
208 Protein leakage from the cells treated with AgNPs nally resulted in cell death. Compared with S. aureus membrane, signicantly higher amount of protein leakage occurred through the E. coli membrane. This result is consistent with the previous reports, and indicating that antibacterial activity is related to cell wall content of the microorganism. Additionally, they showed that activity of lactate dehydrogenase, an important respiratory enzyme, signicantly decreased due to AgNP induced oxidative stress, indicating the effect of ROS on respiratory chain activity.
Deleterious effects of oxidative stress is not limited to cell membrane and electron transport chain damage, but it also has adverse effects on proteins, DNA, and other intracellular systems. 209 Quinteros et al. showed that time-dependent ROS generation was induced aer AgNP treatment. 210 Their further analyses revealed that AgNP-induced oxidative stress caused an increase of 60% in the oxidation of DNA, proteins and lipid in E. coli. Thereby, ROS generation might be considered to have an important contribution to the antimicrobial action. Similarly, Yuan et al. conrmed increased ROS generation in bacterial cells upon AgNP treatment. 173 They also measured the level of malondialdehyde (MDA) that is a product of a lipid peroxidation and serves as an indicator of lipid peroxidation oxidative stress, and found that MDA levels in AgNP-treated bacterial cells signicantly increased.
Besides the direct effects on cell wall and components, oxidative stress also alters the gene expression. In Pseudomonas cells treated with AgNPs, translation of ribosomal proteins S2 and L9, keto-hydroxyglutarate aldolase (KHGA), alkyl hydroperoxide reductase C (AhpC) and thiol-specic antioxidant (TSA) was found to be up-regulated. In addition to their structural functions, the ribosomal proteins S2 and L9 are also involved in the regulation of protein biosynthesis. AhpC and TSA are members of an antioxidant family of enzymes called peroxiredoxins that protect the cell from oxidative stress by regulating the intracellular peroxide levels. KHGA is involved in sugar metabolism by metabolizing sugar acids, hexonates, and hexuronates to pyruvate and glyceraldehyde-3-phosphate, thereby prevents the accumulation of toxic intermediates. All together, the up-regulation of these proteins demonstrates a cellular response to AgNP-induced oxidative stress.
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It has been also found that AgNPs can act on bacterial cell signaling and signal transduction systems which continuously monitor the changing environmental and intracellular conditions and mediate the adaptive responses to changes in these conditions. 212 Although various modication systems such as glycosylation, methylation and acetylation are involved in cell signalling, the bacterial signal transduction is mainly mediated by phosphorylation. 213 The phosphorylation and dephosphorylation cycle of proteins has an important role on bacterial growth, metabolism, and cellular activities including cell cycle and DNA replication. In the case of inhibition of this cycle, all enzymatic activities would end up and lead to inhibition of the bacterial growth. Based on this fact, Shrivastava et al. investigated the phosphotyrosine prole of S. aureus and E. coli proteins to reveal the effect of AgNPs on bacterial signal transduction pathways. 214 They found that AgNPs modulated the signal transduction by causing dephosphorylation of tyrosine residues on bacterial protein substrates which nally resulted in inhibition of the bacterial growth. There was no change in the prole of tyrosine phosphorylated proteins in S. aureus, whereas dephosphorylation of two peptides of E. coli and Salmonella typhi signicantly changed. However, these are the initial ndings, and proteomic characterization of the dephosphorylated peptide substrates and further research should be performed to elucidate the precise effect of AgNPs on signal transduction.
Option to decode bacterial lipopolysaccharide Achilles
Metal nanoparticles are thought to pose antimicrobial activity due to its small structures. Most important antimicrobial silver nanoparticles interacts with peptidoglycan cell wall 215, 216 and the plasma membrane;
217 bacterial (cytoplasmic) DNA; 218 and bacterial proteins, 214, 216 especially enzymes involved in vital cellular processes such as the electron transport chain. But in green synthesis method have advantageous for surface functionalization of AgNPs as the green constituents acts as both reducing and capping agent. These constituents can be effectively passed as an adjacent molecule coated over the nanoparticle. The uniqueness of nanoparticles is that it acts rst at the defensive walls rather than attacking the bacteria itself. Once the damages complete, it can now interact with bacterial (cytoplasmic) DNA, bacterial proteins and enzymes.
A recent nding reports the crystal structure of the unique integral membrane LPS translocon LptD-LptE complex in Gram negative bacteria. According to this report, LptD forms a novel 26-stranded largest b-barrel and LptE adopts a roll-like structure located inside the barrel of LptD to form an unprecedented twoprotein 'barrel and plug' architecture. 219 This bacterial molecular bricks is the key behind the antimicrobial resistance.
Hydrophilic O-antigen and the core oligosaccharide of the LPS may pass through the barrel and the lipid A of the LPS may be inserted into the outer leaet of the outer membrane through a lateral opening between strands b1 and b26 of LptD.
Keeping this in view and the prevalence report of potential effects of AgNPs against multidrug susceptible as well as multidrug sensitive strains like Pseudomonas aeruginosa, ampicillin-resistant Escherichia coli, erythromycin-resistant Streptococcus pyogenes, methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Staphylococcus aureus (VRSA) suggests evidences of bacterial defensive architecture breakdown. Thus, green synthesis of silver nanoparticles using a strong antimicrobial agent as both reducing and capping agent may have synergistic effect. Nanoparticles can breakdown the defensive barrier and helps to insert attached drug molecule over the surfaces.
Besides, target nanoparticle surfaces can be charged that also provide ease attachment of nanoparticles over the defensive brick architecture. But to get the optimum results research should be focused over the antimicrobial pure bio compound based synthesis. Even biological core-shell may also prove advantageous where single metal in core and dual drug on the surface can be easily prepared. In that case the drugs and the metal should follow an ascending order of reduction potential. 
Green synthesized silver nanoparticles controlling antifungal activity
Apart from bacterial pathogenesis, high rates of morbidity and mortality caused by fungal infections is also a severe concern to mankind. The problems is ever increasing as a limited new antifungal targets are explored and fungi are also developing resistance mechanism through mutation arch. In such scenario, silver nanoparticles which already been proved to exert antibacterial action are oen tried against fungal infections. Due to limited antifungal arsenal, nanoparticles thought to serve as a carriers of antifungal. More interestingly, the if the reducing agent itself serves antifungal action and deposits over the nanoparticle surface as capping agent, it would offer synergistic antifungal action. Antifungal drug molecules can also be successfully adsorbed on the surface of biogenic silver thus can offer a efficient strategy for antifungal drug delivery.
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This strategy was successfully implemented by Kumar and co-workers. 221 They initially synthesized spherical and monodispersed silver nanoparticles of 9.8 nm size using the cell free supernatant of Delia sp. strain KCM-006. This AgNPs also exhibited antifungal activity. Further they conjugated antifungal drug miconazole to biogenic silver nanoparticles surface. This strategy exhibited signicant fungicidal activity, inhibited of ergosterol biosynthesis and biolm inhibition by increasing ROS levels.
Similar strategy was followed by Tutaj and co-workers.
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They proceeded their synthesis in an alkaline environment using Amphotericin B (AmB) as reducing and coating agent. This alkaline environment prevented aggregation of AmB itself and promotes to develop a monodisperse, AmB-coated silver nanoparticles (AmB-AgNPs) with the diameter $ 7 nm. Similarly, Ahmad et al. who successfully developed a amphotericin B-conjugated biogenic silver nanoparticles with size of 424-433 nm. They have successfully used amphotericin B as in situ reducing and capping agent for silver nanoparticles. Amphotericin B-conjugated biogenic silver nanoparticles offered synergistic antifungal activity against selected fungal strains i.e. C. albicans and C. tropicalis.
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Apart from such drug delivery example, green synthesized AgNPs are also reported to exhibits antifungal activity due to its bio-coating in combination with its size. Ishida et al., reported antifungal activity green synthesized AgNPs from the fungus Fusarium oxysporum. Green synthesized AgNPs showed a high level of antifungal activity against Candida and Cryptococcus, with minimum inhibitory concentration values # 1.68 mg ml À1 for both genera. 224 It has been investigated using disc diffusion method that colloidal silver has strong antifungal activity against three species of Candida like C. albicans, C. glabrata and C. tropicalis. 225 Silver nanoparticles synthesized from Pilimelia columellifera subsp. pallida SL19 strain demonstrated antifungal activity against fungi causing supercial mycoses viz., C. albicans and M. furfur. The lowest MIC of AgNPs was noticed against M. furfur (16 mg ml À1 ). 226 Mentha pulegium aqueous extract mediated synthesized AgNPs also showed considerable antifungal activity against uconazole resistant Candida albicans. 227 It has been established by food poisoning technique that the growth of following fungi like Bipolaris spicifera, Fusarium oxysporum, Aspergillus niger and Curvularia lunata is inhibited by NPs.
228 Therefore AgNPs may be used as good antifungal drug to control several pathogenic fungi.
Green synthesized silver nanoparticles are found to effective against plant pathogenic fungi. The colonies of plant pathogenic fungi Bipolaris sorokiniana and Magnaporthe grisea are inhibited by applying nanosilver and ionic silver in vitro condition. 229 Green synthesized AgNPs are much effective as broad spectrum fungicide against Alternaria alternata and Botrytis cinerea. The hyphae and conidia of these fungi are damaged by applying the NPs. 230 The NPs also have strong synergistic activity with other fungicides against several plant pathogenic fungi like Fusarium graminearum (cause head blight of wheat), Fusarium oxysporum (cause tomato wilt), Fusarium solani (cause potato rot), and Penicillium expansum (cause apple rot). 231 Elgorban et al. showed that nano silver has strong inhibitory effect on the growth of Rhizoctonia solani. 232 The growth of some wood degrading fungi like Gloeophyllum abietinum, G. trabeum, Chaetomium globosum, and Phanerochaete sordida is inhibited by biogenic synthesized AgNPs.
116 Thus apart from the bacterial control, green synthesized silver nanoparticles can be used in fungal control.
Green synthesized silver nanoparticles against Leishmania
Leishmaniasis, disease caused by parasites of the Leishmania type, is an emerging and uncontrollable disease, characterized as a category-1 disease by WHO. 233 Aer malaria, it is the most prevalent infectious disease in terms of fatality and geographical distribution. 234 The most common forms of leishmaniasis are cutaneous, characterized by skin sores, and visceral leishmaniasis which affects several internal organs like spleen, liver etc. Limited availability of antileishmanial drugs, its high cost and continuum resistance over the available drugs makes the situation fatal. To overcome such, green synthesis based drug delivery strategy is seen to open a newer avenue of treatment. The parasite is very much sensitive to AgNPs for the generation of ROS. It is reported that NPs have synergistic antiprotozoal activity against Leishmania tropica under UV light. 235 As mentioned in the earlier section, the reducing and coating or stabilizing agent can also impart functional activity to AgNPs. Additionally, this coated surface of the biogenic nanoparticles can also act as a active site for the targeted drug for drug delivery option.
Ahmad et al. used this strategy and they initially synthesized spherical AgNPs (10-20 nm) using aqueous extract of Isatis tinctoria as reducing and capping agents. Later they have successfully adsorbed amphotericin B over the previously formed biogenic AgNPs surface. 234 They observed a enhanced parasites activity of amphotericin B adsorbed silver nanoparticle (IC 50 241 Another study on green synthesized silver nanoparticle from Fusarium oxysporum exhibited strong activity against Leishmania amazonensis promastigote and amastigote forms. 242 Ullah et al. showed that biogenic AgNPs are able to produce high level of nitric oxide (NO) in L. infantum infected macrophage cell. The production of NO radical is able to reduce the pathogenicity by killing the parasite. 243 So green synthesized silver nanoparticle could be milestone in disease management of Leishmaniasis.
Cytotoxicity of AgNPs
Conversion of metal to its nanoform brings risk of toxicity. This is also true for the case of silver and depends upon the sizes, 244 shapes 245 and density of the AgNPs. 110 The toxicity concern of silver nanoparticles is suitably reduced with green synthesis method. The primary reason behind the nominal toxicity lies upon its coating which are generally biocompatible in nature. Although the primary role of the coating is to stabilize the nanoparticle and prevent agglomeration; but the biocompatible behaviour of coating makes green synthesized AgNPs suitable in different bio medicinal applications.
Early report suggests that stabilization of AgNPs by different polymers reduce the toxicity of AgNPs tested against mouse skin broblasts (L929), human hepatocarcinoma cells (HepG2), and mouse monocyte macrophages (J774A1). Polymer coated AgNPs at a concentration 1.5 ppm exhibited hemocompatible nature. It can be noted that materials with a hemolysis ratio less than 5% were regarded as hemocompatible. 246 A number of reports reveals that coating over the silver nanoparticle reduces its toxicity.
247-250
In green synthesis, reduction and stabilization of the silver nanoparticles are achieved by the biocompatible material and hence the toxicity concern is reduced in most of the cases. Green synthesis using biopolymer i.e. glucan gave a glucan capped spherical AgNPs of 2.445 AE 1.08 nm. This nanoparticles exhibited only 0.68% hemolysis to human RBCs at its LD 50 dosage. 130 Thus, AgNPs-glucan conjugates were found to be compatible with human RBCs at its LD 50 dosage. In an another study, polysaccharide capped AgNPs of 2.78 AE 1.47 nm were synthesized from a hetero polysaccharide isolated from Lentinus squarrosulus (Mont.). This nanoparticles also gave compatible nature with human RBCs at its LD 50 dosage.
131 Similarly phytoconstituents also gave similar results of toxicity tested on human cell. AgNPs prepared using Croton bonplandianum leaves extract at its MIC dosage showed only 0.02% hemolysis.
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AgNPs (spherical, 9.8 mm size) from cell free supernatant of Delia sp. strain KCM-006 which was further used as a carrier of antifungal drug exhibited non-toxic nature up to a concentration of 20 mM. Biocompatibility level was assessed determining cell viability and immunocytochemistry analysis against different normal cell lines including Chinese hamster ovary cells (CHO), human lung cell line (MRC5) and human vascular endothelial cells (HUVEC). 221 Silver nanoparticles synthesized from Anethum graveolens leaf extract also confer biocompatible nature. 236 Aqueous extract of Rosa damascena mediated silver nanoparticle of 15-27 nm size also exhibited compatibility against erythrocytes. 252 In another study, phytosynthesized AgNPs from aqueous extract of Salacia chinensis (SC) bark offer full biocompatibility when treated against normal human broblasts and blood erythrocytes. 253 Thus the biocompatibility achieved through green synthesis suggests its possible use in varying eld of biomedical application.
Conclusion
Based upon the previous discussion it can be said that the synthesis of nanoparticles may serve as a future direction in biomedical nanotechnology in developing antimicrobial compounds. The previously used metal antimicrobial may come with lots of possibilities with the advancement of green nanotechnology in combating multidrug resistance. Nanoparticles are seen to have ability to cross and disrupt the membrane. Thus loading drugs on the nanoparticle surface may increase the efficiency of biocidal motion by additional effect than disrupting the membrane. Thus it can have the future option to decode bacterial lipopolysaccharide Achilles. Toxicity of silver nanoparticles is also a major issue. Although biomolecular capping in green synthesis process reduces the toxicity, but it is imperative to develop more efficient capping and reducing agents for particular uses. The current trend of research is mainly carried out using the whole plant extracts as reducing and capping agents. This serves as a drawback regarding not clearly understanding the role of isolated pure bio molecules in synthesis and activity of nanoparticles. Synthesis using pure compound in an optimized condition may additionally give solution regarding the poly disparity of green nanoparticle synthesis. Thus studies using pure compounds would be carried out for better understanding the science behind the green synthesis. In near future new opportunities may also come with new problem solutions. From the previous discussion it can be concluded that this is the beginning of green nanoparticle synthesis. Green synthesis may serve many medicinal applications in near future.
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